Context: Pathologies such as anterior instability and impingement are common in baseball and have been linked to decreases in internal rotation (IR) and concurrent increases in external rotation (ER). In addition, alterations to scapular position have been identified in this population, but the chronology of these adaptations is uncertain. Objectives: To determine whether there is a change in range of motion and scapular position after a single baseball season. Design: Prospective cohort. Setting: High school. Participants: 19 high school baseball players (age 16.6 ± 0.8 y, mass 78.6 ± 12.0 kg, height 180.3 ± 6.2 cm). Interventions: Subjects were measured for all dependent variables at preseason and postseason. Main Outcome Measures: Participants were measured for glenohumeral (GH) IR and ER with the scapula stabilized. Total GH range of motion was calculated as the sum of IR and ER. Scapular upward rotation was measured at 0°, 60°, 90°, and 120° of GH abduction in the scapular plane, and scapular protraction, at 0°, hands on hips, and 90° of GH abduction. Results: Overall, the dominant arm had significantly less GH IR (11.4°, P = .005) and significantly more ER (4.7°, P = .001) than the nondominant arm. Total motion in the dominant arm was significantly less than in the nondominant arm (6.7°, P = .001). Scapular upward rotation in the dominant arm significantly increased at 0° (2.4°, P = .002) and significantly decreased at 90° (3.2°, P = .001) and 120° (3.2°, P < .001) of abduction from preseason to postseason. Scapular protraction in the nondominant arm significantly decreased at 45° (0.32 cm, P = .017) and 90° (0.33 cm, P = .006) from preseason to postseason. Conclusion: These data suggest that scapular adaptations may be acquired over a relatively short period (12 wk) in a competitive baseball season. Competitive high school baseball players also presented with significant GH motion differences between their dominant and nondominant arms. Total motion was also significantly less in the dominant arm than in the nondominant arm.
Repetitive stress placed on the shoulder complex during the overhead throwing motion is thought to be one of several factors in the development of shoulder injuries in throwers. [1] [2] [3] Injuries such as anterior instability, rotator-cuff-tendon injury, internal impingement, SLAP lesions (superior labral tear from anterior to posterior), and elbow pain are common in these athletes. Throwers typically present with decreases in internal-and concurrent increases in external-rotation motion in the dominant arm. [4] [5] [6] [7] [8] [9] More recently, scapular alterations in this population have been described. 3, [10] [11] [12] Although alterations in scapula motion and position appear prevalent in overhead throwers, the chronology and mechanism behind these changes remain somewhat controversial. Some believe that increases in external rotation occur over several years and are associated with repetitive stretching of the anterior capsule. 6, 7, [13] [14] [15] Others have suggested that the internal-rotation deficits are a result of an acquired tight posterior capsule. 1, 8, 9, 16 Finally, others have identified humeral retroversion as a contributor to both external-rotation gain and internal-rotation loss. [17] [18] [19] Scapular dyskinesis is defined as an observable alteration in the position of the scapula and the patterns of scapular motion in relation to the thoracic cage. 20, 21 Alterations identified in baseball players include increased protraction and anterior tilting and decreased upward rotation. These changes in motion are thought to be detrimental to normal function of the shoulder complex and over time place increased stress on the static and dynamic restraints of the shoulder. 3, [10] [11] [12] 21 The sequential manifestation and potential time frame of these motions and position changes have yet to be characterized. If the mechanical changes manifest rapidly (over the course of a single season), perhaps they can be remedied equally rapidly. Furthermore, prospective studies in overhead athletes are lacking. For these reasons, the purpose of this study was to measure glenohumeral internal and external rotation in conjunction with scapular positioning in baseball players throughout the course of a single scholastic sports season.
Methods

Design
A pre-post design was used to assess 2 independent variables and 5 dependent variables. The 2 independent variables were the point in time that the evaluation was performed (preseason and postseason) and arm (dominant and nondominant). The dependent variables were dominant and nondominant glenohumeral internal rotation, glenohumeral external rotation, total glenohumeral rotation, and scapular upward rotation and protraction. Total motion was calculated as glenohumeral internal plus external rotation. Scapular upward rotation (rest and 60°, 90°, and 120° of glenohumeral abduction) and scapular protraction (rest, hands on hips, and 90° glenohumeral abduction) were tested at each of these positions. The rest position is considered to be 0° of glenohumeral abduction, and the hands-on-hips position is considered to be 45° of glenohumeral abduction with the hands resting on the participant's iliac crests. The measurements were recorded twice, before and after the 12-week season.
Participants
Twelve position players and 7 pitchers, a total of 19 high school baseball players (age 16.6 ± 0.8 y, mass 78.6 ± 12.0 kg, height 180.3 ± 6.2 cm), volunteered to participate in this study. Pitchers were identified by the coach and were consistently used throughout the season. Exclusion criteria consisted of previous surgery to either shoulder or current shoulder pathology or symptoms. The study was approved by a university institutional review board. Informed constant was obtained from participants or, for those who were under the age of 18, the participants' parents, and a health-history questionnaire and Health Insurance Portability and Accountability Act forms were all completed before testing.
Instrumentation
Glenohumeral internal and external rotation were measured using a Saunders digital inclinometer (Saunders Group Inc, Chaska, MN). A priori test-retest reliability of glenohumeral range of motion was assessed by the primary investigator. Twenty healthy shoulders were measured and then remeasured 3 to 5 days later. Intraclass correlation coefficients (ICC 2,1 ) and standard errors of measurement (SEM) for glenohumeral range of motion were calculated to be .989 and 1.03° and .943 and 2.55° for internal and external rotation, respectively. 22 Scapular upward rotation was measured using a Saunders digital inclinometer modified to rest evenly on the scapular spine. The digital inclinometer was modified using methods described by Johnson et al. 23 A priori test-retest reliability of the scapular upward-rotation measurements was assessed by the primary investigator. Thirty-six healthy shoulders were measured and then remeasured 3 to 5 days later. ICC and SEM values for scapular upward rotation were calculated to be . 967 
Procedures
Passive internal-and external-rotation measurements were taken in the supine position, with the glenohumeral joint in 90° of abduction perpendicular to the plane of the body. The scapula was then stabilized by the tester's hand, and the arm was rotated until scapular motion was detected. 24 The inclinometer was then placed on the dorsal surface of the forearm, and the hold button was pressed to record the measurement. This was repeated 3 times, and the average of the 3 measurements was taken. All measurements were taken bilaterally by the primary investigator, who was blinded to the arm dominance of the athletes, and the order of testing was alternated.
Scapular upward-rotation measurements were taken with the subject standing with normal relaxed posture. A guide pole was used to help position the subject's arm at 60°, 90°, and 120° of abduction. When the appropriate amount of abduction was determined a pin was inserted into the guide pole, and that location was then recorded for consistency in the postseason measurement. The subject was asked to abduct the arm until it was positioned against the pin. This position was maintained until the measurement was recorded. The lateral arm of the inclinometer was then placed over the posterior lateral acromion, and the medial arm was placed over the root of the scapular spine. The hold button was pressed to record the measurement. This was repeated twice and the average of the 2 measurements was taken. All measurements were taken bilaterally by the primary investigator, who was blinded to the arm dominance of the athlete, and the order of testing was alternated.
Scapular-protraction measurements were taken with the subject standing with normal relaxed posture. The measurements were taken in 3 different positions (rest, hands on hips, and 90° glenohumeral abduction with maximum internal rotation 25 ). First, the inferior angle of the scapula was palpated and the lateral arm of the calipers was placed at the tip of the inferior angle. The medial arm of the calipers was then positioned at the corresponding spinous process, and the measurement was recorded. This was repeated 3 times, and the average of the 3 measurements was used for analysis.
Statistical Analyses
Data analysis consisted of descriptive statistics. Statistical tests included separate 1-way multivariate analyses of variance (MANOVA) with repeated measures on time for dominant-and nondominant-arm scapular upward rotation and protraction. Separate post hoc analyses of variance (ANOVA) were then performed when statistical significance was found at the MANOVA level. Separate 1-way ANOVAs with repeated measures on time were performed for dominant-and nondominant-arm internal rotation, external rotation, and total glenohumeral motion. Separate 1-way ANOVAs were performed comparing dominant-and nondominant-arm internal rotation, external rotation, and total glenohumeral motion (α ≤ .05). Because of the small sample size no statistical comparisons were made between pitchers and position players. The SPSS for Windows statistical program (Version 13.0, SPSS, Inc., Chicago, IL) was used for data analysis.
Results
Overall, combining the preseason and postseason measurements, the dominant arm had significantly less internal rotation (P = .05), significantly more external rotation (P = .001), and significantly less total motion than the nondominant arm (P = .001; Table 1 ). No significant main effects for time were observed in glenohumeral rotation or total motion.
Significant main effects for time were found for dominant-arm upward rotation (P < .001) and scapular protraction (P = .009; Table 2 and 3) . Follow-up ANOVAs revealed that scapular upward rotation significantly increased from preseason to postseason at 0° abduction (P = .002) and decreased from preseason to postseason at 90° (P = .001) and 120° (P < .001) abduction (Table 2) . Scapular protraction significantly decreased from preseason to postseason at 90° (P = .006) abduction (Table 3) .
Significant main effects for time were found for nondominant-arm upward rotation (P = .003) and scapular protraction (P = .028; Table 2 and 3) . Follow-up ANOVAs revealed that scapular upward rotation significantly decreased from preseason to postseason at 60° (P = .03), 90° (P = .034), and 120° (P < .001) abduction (Table 2) . Scapular protraction significantly decreased from preseason to postseason at 45° (P = .017) and 90° (P = .006) abduction (Table 3) .
Discussion
The results of our study reveal that competitive high school baseball players have glenohumeral-motion differences in their dominant and nondominant arms that did not appreciably change over the course of a single season. Our findings revealed significantly less internal rotation and total motion and significantly more external rotation in the dominant arm than the nondominant arm, which remained constant over the course of the season. 9.39 ± 1.13* 9.64 ± 1.00 9.31 ± 0.90* *Significant main effect for arm (P < .05).
Motion differences in overhead athletes are well documented. 1, 6, 8, 9, 26, 27 However, the etiology of these changes remains debatable. The results of our study reveal that passive internal rotation was significantly less in the dominant arm than the nondominant arm. This finding is in agreement with previous research in adolescent, college, and professional overhead athletes.
6,8,9,13,14,16,27,28 Burkhart et al 1 stated that larger glenohumeral internal-rotation deficits (GIRD) create higher risk of shoulder injury. They postulate that GIRD reflects a tight posteroinferior capsule, which results from a healing response of the posterior rotator-cuff tendon and capsule to chronic distractive forces. 1 Any posterior soft-tissue adaptation is thought to alter the arthrokinematics of the humeral head into a posterosuperior direction. 29, 30 This shift in arthrokinematics is thought to put the shoulder at risk for SLAP lesions, rotator-cuff-tendon tears, and impingement syndrome.
1, 31 Kibler et al 14 found a correlation between loss of internal rotation and years of play in junior elite tennis players. This suggests that the loss of internal rotation may occur as a "dose response" to the duration of exposure to chronic eccentric distractive forces experienced during the deceleration phase of the overhead throw.
Passive external rotation was significantly greater in the dominant arm than the nondominant arm. This finding is in agreement with what several studies examining range of motion in overhead athletes have found. 5, 6, 13, 14, 32 Many authors suggest that repetitive overhead motions cause anterior capsule stretching, which is demonstrated by increases in external rotation. 2, 33 However, when examining external rotation throughout a 12-week competitive season we did not observe any significant changes. This suggests that the anterior static restraints do not attenuate over a single season. Osbahr et al 18 and Regan et al 19 suggest that the external-rotation torque placed on the humeral epiphyseal plate in young overhead athletes will increase humeral retroversion. This causes a shift in the total arc of motion into increased amounts of external rotation. 18, 19 In the current study, the bilateral difference in external rotation may be a result of, at least in part, increased humeral retroversion, which has been thought of as a positive adaptation because of the gain of external rotation without soft-tissue attenuation. 17 A gain of external rotation has also been viewed as a positive adaptation, in addition to several other kinematic variables, because of its correlation with increased ball velocity. 34, 35 More prospective studies are warranted to examine the contributions of boney-versus soft-tissue remodeling to increased humeral external rotation.
Wilk et al 36 developed the total-motion concept, in which they state that if the total motion is equal bilaterally then the change in the arc of motion is a result of humeral retroversion and should not be a concern. However, we found significantly less total motion in the dominant arm than the nondominant arm. This decrease in total motion is best explained by the appreciably greater amount of GIRD than external-rotation gain. We believe these changes most likely occurred because of a contribution of humeral retroversion coupled with soft-tissue adaptations. According to Burkhart et al, 1 the soft-tissue adaptation is a tightened and thickened posterior capsule. However, other authors have generalized this adaptation to posterior shoulder tightness, which may include tightness of the posterior rotator-cuff-tendon, as well as the posterior capsule. 8, 9 Scapular dyskinesis is commonly linked to glenohumeral-joint pathology in overhead athletes. 3, 11, 15, 20, 21 A decrease in scapular upward rotation is thought to cause subacromial impingement at higher degrees of glenohumeral abduction. [37] [38] [39] Recently, several researchers have begun to objectively measure scapular upward rotation in overhead athletes using a digital inclinometer. 23, 27, 28, 39 Although inclination measures only 1 aspect of a 3-dimensional issue, it nonetheless depicts sideto-side differences, and therefore dyskinesis, in the involved scapulas. However, to date there have not been any studies that assessed scapular upward rotation throughout a competitive high school baseball season.
The results of our study revealed that dominant-arm scapular upward rotation at 90° and 120° of glenohumeral abduction significantly decreased from preseason to postseason. The 90° and 120° positions, which presented with changes of 3.2° and 3.2°, respectively, may be clinically meaningful and place these healthy athletes at a heightened risk of impingement syndrome. This finding suggests that the repetitive stresses placed on the shoulder throughout the season caused a decrease in neuromuscular control or balance of the upper trapezius, lower trapezius, and serratus anterior. These muscles are involved in the force couple for scapular upward rotation, and alterations in neuromuscular control would affect the kinematics. These results are similar to changes seen in individuals with impingement syndrome. 37, 38 Studies examining electromyography (EMG) and kinematics of the scapular stabilizers in a group with impingement syndrome have demonstrated decreases in the activity of the lower trapezius and serratus anterior along with decreases in scapular upward rotation. 37, 40 These deficits, which are thought to cause a decrease in the subacromial-space dimensions, may be placing the shoulder at risk for future impingement syndrome or rotator-cuff-tendon irritation during forward flexion and abduction. 38, 41, 42 Burkhart et al 1 believe that the first culprit in shoulder injuries in throwers is GIRD. They suggest that GIRD places increased stress on the scapulastabilizing muscles because of scapula "windup" during follow-through. This may eventually lead to fatigue-related inhibition and stretching of scapular restraints and ultimately a malpositioned, or "SICK" (scapular malposition, inferior medial scapular winging, coracoid tenderness, and scapular dyskinesis), scapula. 10 Although this cannot be ascertained in the current study it could be important because it may suggest that if internal-rotation deficits are identified and treated early, it could offset or prevent motion alterations (decreased upward rotation). There was also an increase in dominant-arm scapular upward rotation at 0° of glenohumeral abduction from preseason to postseason. This increase in upward rotation may be the result of a multitude of factors, which include slouching, rounded shoulders, and increased thoracic kyphosis. Previous studies have found that scapular upward rotation in the resting position ranges from -2° to 5° in healthy subjects because of subject posture. 12, 28, 39, 40, [43] [44] [45] [46] These possible changes in posture may place the resting scapula in altered upward rotation compared with an upright posture. 44, 45 Scapular upward rotation in the nondominant arm also decreased at 60°, 90°, and 120° of glenohumeral abduction from preseason to postseason. These decreases may suggest that there is a neuromuscular negative cross-transfer effect that occurs over the course of a single baseball season. Cross-transfer effects have been associated with increased neuromuscular strength and endurance in the nondominant arm caused solely by training in the dominant arm. [46] [47] [48] This study may indicate that cross-transfer can occur with inhibitory effects, as well. More studies are warranted to further investigate this observation.
Scapular protraction is also critical to overall performance in overhead throwing. During the deceleration and follow-through phases of the overhead throw, the scapula must protract around the thoracic wall to help dissipate the large forces placed on the glenohumeral joint. 3, 15 However, excessive protraction has been linked to increased internal impingement, increased anterior shoulder instability, potentiated supraspinatus impingement, and rotator-cuff-tendon weakness. 3 In an attempt to supply an objective measure of scapular protraction, Kibler et al 3 developed the Lateral Scapular Slide Test, a reliable clinical method of evaluating scapula-stabilizing strength.
The results of the current study demonstrated that dominant-arm protraction at the 90° abducted position decreased from preseason to postseason. This suggests that the scapula moved into a more retracted position, which is beneficial for overhead athletes, allowing for optimal function. It may be that the increased protraction noted in more mature throwers with symptoms does not manifest until later. 3, 10, 12 In other words, the decreased protraction demonstrated in these less mature athletes may serve as an early protective mechanism. However, the observed change was only 0.57 cm, which may not be clinically significant. Further research is required to determine the magnitude of change required for a clinically meaningful result.
Scapular protraction in the nondominant arm also decreased from preseason to postseason at the hands-on-hips and 90°-abduction positions. These results are similar to those in the dominant arm and may suggest a protective mechanism in these healthy baseball players. Again, the observed changes were only 0.32 cm and 0.33 cm, respectively, which may not be clinically significant.
Limitations
There are some limitations to this study that should be acknowledged. First, pitchers and position players were combined and analyzed together. It has been demonstrated in the literature that pitchers subject their shoulders to additional stress because of the high number of repetitions each game. However, in a recent study conducted in our laboratory using the current methodology, pitchers had more GIRD and less total motion than position players. No differences were observed between pitchers and position players for scapular measurements. 49 Next, only 2 of the possible 5° of freedom were measured for the scapula. This is a limitation because of the potential injury risk of alterations in the other motions of the scapula. However, to our knowledge scapular upward rotation and protraction are the only valid and reliable measurements that can be observed clinically. 3, 20, 23, 43 Currently a 3-dimensional electromagnetic tracking system can be used to measure all 5° of scapular motion. However, this technique does not translate well to the clinic, and there is still some question of its validity and reliability because of skin motion between the sensor and the scapula. 50 A reason for the observed changes in both dominant-and nondominant-arm scapular protraction may be an inherent error in the measurement technique. For this measurement the distance from the inferior angle of the scapula to the spinous process is taken. There was a measured decrease in protraction at the 90° position and also a decrease in scapular upward rotation. Because of the decrease from preseason to postseason in scapular upward rotation at the 90° position, the inferior angle should be closer to the spinous process solely as a result of a change in upward rotation and not protraction. This would give a measure of scapular protraction that is less than the preseason measurement. Therefore, the amount of protraction may not have changed over the season. This is a limitation of the measurement, and future methods should be developed to account for this error.
Conclusion
Competitive high school baseball players demonstrate significantly less internal rotation and total motion and significantly more external rotation in the dominant arm at the beginning of the season. Over the course of a single season, decreases in scapular upward rotation and protraction manifest themselves in this asymptomatic cohort. We posit that decreased protraction may serve as an early protective mechanism for throwers, whereas decreased upward rotation may be the sentinel maladaptive development regarding the maintenance of shoulder homeostasis. A proper preventive posterior-capsule-stretching program and scapular strengthening may be warranted to help slow the progression of these early scapular adaptations.
